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ABSTRACT: This trial was performed to study the effects of replacing soybean meal (SBM) with fermented rapeseed meal (RSM) on 
growth performance, serum biochemistry variable and intestinal morphology of broilers. A total of 640 d-old Arbor Acres broiler chicks 
were randomly allocated to 4 dietary treatments, 4 pens per treatment and 40 birds per pen for a 6-wk feeding trial. In the four treatment 
groups, fermented RSM replaced soybean meal at 0, 5, 10, and 15%, respectively. On 21 d and 42 d, two birds from each pen were 
randomly selected and slaughtered. Blood samples and sections of duodenum, jejunum, and ileum were collected for measurement of 
serum biochemical variables and intestinal morphology, respectively. Results showed that body weight gain (BWG) and feed conversion 
(FC) were significantly (p<0.01) poorer for birds fed the 15% fermented RSM diet than those fed with 0, 5 and 10% fermented RSM 
diets during all periods. Compared with 0 and 5% fermented RSM groups, IgG content in the serum of birds in 10 and 15% fermented 
RSM groups was improved (p<0.01) urea nitrogen content of serum was reduced (p<0.01) during both growing and finishing periods. 
However, IgM, phosphorus and calcium levels increased (p<0.05) only during the growing period. Increased (p<0.05) villus height was 
observed in the duodenum and jejunum of broilers fed the diet with 10% fermented RSM. In addition, villus height to crypt depth ratio 
in the jejunum was significantly higher (p<0.01) for birds fed the diet with 10% fermented RSM than for those fed diets with 0, 5 and 
15% fermented RSM. The present results suggest that RSM fermented with Lactobacillus fermentum and Bacillus subtilis is a promising 
alternative protein source and that it could be safely used replace up to 10% SBM in broiler diets. (Key Words: Broiler, Fermented 
Rapeseed Meal, Intestinal Morphology, Serum Variables, Soybean Meal) 



INTRODUCTION 

Rapeseed meal (RSM) is the byproduct remaining after 
rapeseed is processed and the rapeseed oil is removed. The 
meal contains 34 to 38% crude protein and 25 to 30% NDF 
(Bell, 1984). Furthermore, RSM contains high levels of 
glucosinolates (approximately 90 to 140 mmol/kg). Upon 
ingestion, the glucosinolates are hydrolysed by a 
myrosinase enzyme present in the rapeseed to release a 
range of products (Cheng et al., 2004). The most common 
products are isothiocyanates which prevents the thyroid 
hormones from being iodinated and results in thyroid 
hormones being inactive when released into the blood 
stream (Guyton, 1986). If glucosinolate levels are high, 
impaired growth and goiter can develop, and the contents of 
triiodothyronine (T3) and thyroxine (T4) may be 
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abnormally changed (Bell, 1984; McNeill et al., 2004). So 
the suitability of RSM as a protein supplement in animal 
feed is limited (Elangovan et al., 2001; Tripathi and Mishra, 
2006). 

As a result of developments in microbiology, the feed 
industry has found an effective and efficient method for the 
fermentation of RSM (Kumakura, 1993; Rajoka et al., 
1998; El-Batal et al., 2000; Fadel and El-Batal, 2000; El- 
Batal and Abdel Karem, 2001). Considerable investigation 
has carried out on the use of RSM or fermented RSM to 
improve pig performance and its influence on serum 
biochemical variables (Lee and Hill, 1983; Spiegel and 
Blum, 1993; Canibe and Jensen, 2003; Fang et al., 2007). 
However, data on the effects of fermented rapeseed meal on 
performance in poultry are limited. Therefore, the current 
study was conducted to evaluate the growth performance, 
detect serum biochemistry variables and intestinal 
morphology in broilers fed diets with graded levels of 
fermented RSM and then to determine the optimum amount 
of fermented RSM in the broiler diet. 
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MATERIALS AND METHODS 

Preparation of solid-state fermented RSM 

The Lactobacillus fermentum and Bacillus subtilis used 
in the study were obtained from the China Center for 
Industrial Microbiology, as CICC 20176 and CICC 20179. 
A mixed liquid culture, pH 6.5, containing approximately 5 
log cfu/ml Lactobacillus fermentum and Bacillus subtilis 
was prepared in a 1:1 ratio. A basal substrate containing 
95% rapeseed, 4% wheat bran and 1% brown sugar was 
mixed with the liquid culture in a ratio of 3:1. The mixture 
was packaged and sealed in a newly-developed multi-layer 
polythene bag (25 kg capacity) equipped with a one-way 
valve to allow the release of any carbon dioxide produced 
during fermentation (Rou Duoduo Biotechnology Co., 
Beijing, China). During the initial stage of fermentation, 
Bacillus rapidly consumed the oxygen in the bag and 
produced large amounts of carbon dioxide. The gas pressure 
from carbon dioxide was discharged through the valve but 
the valve did not allow external air into the bag. This 
process created an anaerobic environment that provided 
Lactobacillus with optimum conditions in which to grow 
and reproduce. The fermentation was held at 30±2°C for 30 
d. Fresh fermented samples were dried at 50 to 60°C for 3 d. 

Chemical analysis 

All analyses were performed in duplicate. Fermented 
RSM were sampled and analyzed for dry matter (DM) by 
drying at 105°C for 5 h, ash by incineration at 550°C. Crude 
protein (CP) (Nx6.25) was determined according to the 
method of Kjeldahl. Crude Fat was extracted with diethyl 
ether (Wang et al., 2004). Phosphorus (P) concentrations of 
the samples were assayed photometrically, and calcium (Ca) 
and chromium concentrations were determined with an 
atomic absorption spectrophotometer (model 5100 PC, 
Perkin-Elmer, Norwalk, CT, USA). Amino acid (AA, 
method 982.30, AOAC International, 2006) analysis was 
conducted at the Biological Technology Center of Anhui 
Agricultural University. Gross energy was measured by an 
automatic adiabatic oxygen bomb calorimeter (Model 1281, 
Parr, Moline, IL, USA). Small peptide was determined 
according to the method of Marczak et al. (2003). Total 
isothiocyanates were measured according to the previous 
study (Choi et al., 2004). Briefly, a 10 g sample was mixed 
with myrosinase (Sigma St. Louis, MO, USA) to release 
isothiocyanates. Then analysis of isothiocyanates was 
performed on a HP 6890 gas chromatograph equipped with 
a HP 5873 mass-selective detector and a HP 6890 series 
auto-injector (Hewlett Packard, Wilmington, DE). 

Feeding trial 

All protocols used in the present experiment were 



approved by the Institutional Animal Care and Use 
Committee of Anhui Agricultural University. A total of 640 
one-d-old Arbor Acres broilers of equal male and female 
were randomly allocated into the four dietary treatments 
(Table 1) of 4 replicates with 40 birds per pen. The chicks 
were housed in wire-floored pens (90x60x40 cm) in an 
environmentally controlled room with continuous light and 
were allowed free access to water and feed. The room 
temperature was maintained at 35°C for the first 3 d and 
was reduced 3°C weekly until reaching 25°C. A temperature 
of 23 °C was maintained until the end of the 42 d 
experiment. The experimental diets were fermented RSM 
supplied with 0, 5, 10, and 15% soybean meal (SBM), 
respectively. This experiment was conducted in 2 phases 
consisting of a starter phase from d 0 to 21 and a finisher 
phase from d 22 to 42. At the end of each period (d 22 and 
42), birds and feed were weighed by pen. Body weight gain 
(BWG), daily feed intake (DFI), and feed conversion (FC) 
were determined from these data. The basal diet was 
supplemented with minerals and vitamins to meet the 
requirements for broilers (NRC, 1994). 

Blood sampling 

Blood was collected at two time periods. On d 21 and d 
42, two birds from each pen were randomly selected and 
killed by exsanguination. Blood samples were collected 
from the wing vein of the broilers and the samples were 
centrifuged at 3,000xg for 5 min and the serum was stored 
-20°C until used. 

Serum samples were evaluated for serum total protein 
(TP), urea nitrogen (UN), total P, Ca, and immunoglobulin 
A (IgA), immunoglobulin M (IgM), immunoglobulin G 
(IgG), triiodothyronine (T3), and thyroxine (T4). 

Sampling of intestinal tissues 

At the end of each stage, two broilers from each pen 
was selected randomly and slaughtered for samples after 
fasting with free access to water for 12 h. The following 
procedures were conducted using the method of Chiang et 
al. (2010). Segments were removed from the duodenum, 
jejunum, and ileum. The middle sections of the duodenum, 
jejunum, and ileum were aseptically isolated, flushed with 
0.9% physiological saline solution, fixed with 10% neutral- 
buffered formalin. Each sample was prepared after staining 
with hematoxylin and eosin and using standard paraffin 
embedding procedures. The prepared slices were observed 
with an electron microscope (CK 40, Olympus, Tokyo, 
Japan) and imaged. Morphological indices were measured 
using an image processing and analysis system (Version 1, 
Leica Imaging System Ltd, Cambridge, UK). 

Measurement of serum immunoglobulin concentrations 

The serum IgG IgM and IgA contents were determined 
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Table 1. Ingredient composition and nutrient content (%, as fed basis) of experimental diets 







Starter phase (1 to 21 d) 






Finisher phase (22 to 42 d) 




Items 


U no 


5% 


10% 


1 ^Ct-. 

Lj/c 


not, 


5% 


10% 


Lj/c 


fermented 


fermented 


fermented 


fermented 


fermented 


fermented 


fermented 


fermented 




RSM 


RSM 


RSM 


RSM 


RSM 


RSM 


RSM 


RSM 


Ingredients 


















Corn 


54.15 


53.85 


54.15 


53.85 


58.46 


58.65 


59.15 


59.25 


SBM 1 


34.5 


29.8 


24.5 


19.8 


31.04 


25.85 


20.35 


15.25 


Fermented RSM 


0 


5 


10 


15 


0 


5 


10 


15 


Fish meal 


4 


4 


4 


4 


2.5 


2.5 


2.5 


2.5 


Soybean oil 


3.2 


3.2 


3.2 


3.2 


3.2 


3.2 


3.2 


3.2 


Limestone 


1.1 


1.1 


1.1 


1.1 


1 


1 


1 


1 


Dicalcium phosphate 


1.3 


1.3 


1.3 


1.3 


1.9 


1.9 


1.9 


1.9 


Premix 2 


1 


1 


1 


1 


1 


1 


1 


1 


Salt 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 


Chromic oxide 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


L-lysineHCl (78%) 


0 


0.2 


0.2 


0.2 


0 


0.35 


0.35 


0.35 


DL-methionine (98%) 


0 


0.15 


0.15 


0.15 


0 


0.15 


0.15 


0.15 


Nutrient content 3 


















ME (Mcal/kg) 


2.92 


z.yz 


L.yL 


2.92 


3.13 


j.Lj 


j.Lj 


3.13 


("Viidp nrntpin 


21.75 


21.64 


21.56 


21.65 


19.62 


19.60 


19.69 


19.67 


Calcium 


1.01 


1.03 


1.02 


1.00 


0.92 


0.97 


0.95 


0.89 


Available phosphorus 


0.52 


0.53 


0.54 


0.54 


0.56 


0.58 


0.58 


0.59 


Ether extract 


5.77 


6.75 


6.73 


6.70 


5.72 


6.77 


6.74 


6.70 


Ash 


6.56 


6.83 


6.75 


6.13 


6.11 


6.13 


6.10 


6.15 


Lysine 


1.24 


1.22 


1.26 


1.27 


1.08 


1.09 


1.10 


1.12 


Methionine+cysteine 


0.98 


1.03 


1.02 


1.04 


0.83 


0.88 


0.89 


0.90 


Threonine 


0.66 


0.67 


0.67 


0.68 


0.65 


0.66 


0.66 


0.66 



1 SBM = Soybean meal. 

2 The premix provided the following per kilogram of diet: Zinc, 80 mg; copper, 15 mg; iron, 100 mg; manganese, 90 mg; iodine, 0.85 mg; selenium, 0.45 
mg; vitamin A, 18,000 IU; vitamin D 3 , 4,000 IU; vitamin E, 35 IU; vitamin K 3 , 3.5 mg; vitamin Bi 2 , 0.015 mg; riboflavin 8 mg; pantothenic acid, 18 mg; 
nicotinic acid, 40 mg; Pyridoxine, 4 mg; biotin, 0.2 mg; folic acid, 0.5 mg; choline chloride, 800 mg. 

3 Crude protein, calcium, phosphorus, ether extract, and ash are analyzed values. The metabolizable energy and amino acid contents were calculated. 



by the radial immunodiffusion technique according to 
Ishikawa and Nanjo (2009). Briefly, the serum samples 
were appropriately diluted with 50 mM Tris-HCl buffer (pH 
8.0) containing 0.14 M NaCl, 1% BSA, and 0.05% Tween 
20. Each amount of IgG, IgM, and IgA was measured with 
the corresponding immunoglobulin ELISA quantitation kit 
and protocol (Sigma, USA), and with OPD as the 
peroxidase substrate. 

T3 and T4 levels 

Serum T3 and T4 concentrations were measured using 
commercial ELISA kits (Gibco, USA) according to the 
manufacturer's instructions. Briefly, 50 |il (for T3) or 25 |al 
(for T4) serum was added to microtiter plate wells 
precoated with anti-T3 or anti-T4 antibodies, and then 
incubated with T3-HRP or T4-HRP conjugates for 1 h 
before the wells were washed. HRP substrate was added 
into each well and incubated for 30 min. The absorbance 
was read at 450 nm in a microplate reader (Model 3550-UV, 



Bio-Rad). The concentrations of T3 and T4 were calculated 
using standard curves. 

Statistical analyses 

Data were subjected to analysis of variance using the 
GLM procedure of SAS (SAS Institute, 1996). Pen was 
considered as the experimental unit for the performance 
data while the individual bird was used as the experimental 
unit for serum variables and measures of intestinal 
morphology. 

RESULTS 

The chemical composition of fermented RSM 

Characteristics of solid-state fermented rapeseed meal 
are shown in Table 2. Over the 30 d fermentation, the DM 
content of the solid-state fermented rapeseed meal dropped 
from 92.3% to 88.8% while the CP content was increased 
from 37.1% to 39.6%. Crude fat increased by 1.4%, but Ca 
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Table 2. Characteristics of solid-state fermented RSM during 
fermentation 



Diet 1 


RSM 2 


Fermented RSM 


Dry matter (%) 


92.3 


88.8 


Crude protein (%) 


37.1 


39.6 


Isothiocyanates (mmol/kg) 


108.7 


13.1 


Crude fat (g/kg) 


14.8 


16.2 


Calcium (g/kg) 


8.2 


8.3 


Phosphorus (g/kg) 


8.6 


8.5 


Rapeseed peptides (%) 


0.7 


5.6 


Lys (%) 


1.54 


2.68 


Met+cys (%) 


1.21 


1.64 



1 On a dry matter basis. 2 RSM = Rapeseed meal. 



Table 4. When compared with those fed with 0% fermented 
RSM and 5% fermented RSM groups, broilers fed 10% 
fermented RSM and 15% fermented RSM had lower levels 
of serum UN (p<0.01) in both trial phases and a higher 
content of serum total P and serum Ca concentration 
(p<0.05) in the starter phase. Chicks fed with 10% 
fermented RSM and 15% fermented RSM had a higher 
level of serum IgG (p<0.01) in both periods and IgM 
(p<0.05) in the 1-21-d-old period than chicks fed 0% 
fermented RSM and 5% fermented RSM. While there was 
no significant difference between 0% fermented RSM and 
5% fermented RSM added groups. Furthermore, T3 and T4 
concentrations were not affected in the experiment. 



and P were unaffected. The content of AA (Lys, Met+Cys) 
increased by 1.14% and 0.43% after 30 d, respectively. 
Isothiocyanates were reduced dramatically from 108.7 to 
13.1 mmol/kg. The level of small peptide in fermented 
RSM was increased compared with RSM (5.6% vs 0.7%). 

Growth performance 

Firstly, the performance of the broilers is presented in 
Table 3. There was no difference in growth performance 
among 0% fermented RSM, 5% fermented RSM, and 10% 
fermented RSM groups during all periods, while differences 
were noted between the 15% fermented RSM group and the 
other groups. Over the entire 42 d growth trial, broilers fed 
a diet with 15% fermented RSM had a significantly poorer 
FC (p<0.01) and BWG (p<0.05) than chicks fed a diet with 
0% fermented RSM, 5% fermented RSM and 10% 
fermented RSM. DFI did not differ among the treatment 
groups during the starter period and finishing. 

Serum biochemistry variables 

Secondly, serum biochemistry variables are shown in 



Morphological measurements 

Finally, morphological measurements of the small 
intestinal mucosa of chicks are presented in Table 5. 
Increased villus height of duodenum and jejunum mucosa 
could be observed during the whole experimental stage of 
broilers fed with 10% fermented RSM (p<0.05). In addition, 
villus height to crypt depth ratio in the jejunum was 
significantly higher (p<0.01) for birds fed 10% fermented 
RSM than for birds fed 0% fermented RSM, 5% fermented 
RSM and 15% fermented RSM. In contrast, fermentation 
had no effect on crypt depth in the small intestinal mucosa 
of chicks either in the starter or in finisher phase. Similarly, 
no significant difference was observed among 0% 
fermented RSM and 5% fermented RSM and 15% 
fermented RSM added groups. 

DISCUSSION 

In this study, we found that fermentation changed the 
nutritional characteristics of rapeseed meal (Table 2). The 
decline in the DM content of the solid-state fermentation 



Table 3. Effect of fermented RSM on growth performance of broilers 1 



. 0% 5% 10% 15% 3 

na fermented RSM 2 fermented RSM fermented RSM fermented RSM p-va ue 

0 to 21 d 

Body weight gain (g) 35.8 a 35.1 a 36.1" 31. l b 0.54 0.05 

Daily feed intake (g) 48.5 48.3 49.8 47.2 0.72 0.17 

Feed conversion 1.35 a 1.38 a 1.38 a 1.52 b 0.01 0.01 
22 to 42 d 

Body weight gain (g) 74.1 a 75.3 a 74.3" 63. l b 1.78 0.05 

Daily feed intake (g) 141.2 143.5 140.3 134.2 1.63 0.12 

Feed conversion 1.91 a 1.91 a 1.89 a 2.13 b 0.02 0.01 

0 to 42 d 

Body weight gain (g) 55.0 a 55.2 a 55.2 a 47.1 b 0.93 0.05 

Daily feed intake (g) 94.8 96.7 95.3 90.8 1.75 0.35 

Feed conversion 1.72 a 1.75 a 1.73 a 1.93 b 0.01 0.01 

1 Values are presented as means; 4 pens per diet, 40 birds per pen for BGW, DFI and FC per treatment. Means within rows with different letters differ 
significantly (p<0.05 or p<0.01). 

2 RSM = Rapeseed meal. 3 SEM = Standard error of the mean. 
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Table 4. Effect of fermented RSM on serum variables in broilers 1 



0% 



5% 



10% 



15% 



fermented RSM fermented RSM fermented RSM fermented RSM 



SEM' 



p-value 



21 d 

Urea nitrogen (mmol/L) 1 . 1 a 

Total phosphorus (mmol/L) 1.3" 
Ca (mmol/L) 2.3 a 

Total protein (g/L) 36.7 
IgG (g/L) 0.3" 
IgM (g/L) 0.5 a 
IgA(g/L) 0.2 
T3 (mmol/L) 1.4 

T4 (mmol/L) 15.6 
42 d 

Urea nitrogen (mmol/L) 1.0" 
Total phosphorus (mmol/L) 1.0 
Ca (mmol/L) 2.7 

Total protein (g/L) 38.6 
IgG (g/L) 0.2 a 
IgM (g/L) 0.5 
IgA(g/L) 0.2 
T3 (mmol/L) 1.6 

T4 (mmol/L) 15.3 



1.0" 
1.5 a 
2.4 a 

37.8 
0.3 a 
0.5 a 
0.2 
1.5 

16.2 

1.0 a 

1.1 

2.9 

38.6 
0.2 a 
0.5 
0.3 
1.3 

16.4 



0.8" 
1.9" 
2.7 b 

36.5 
0.7 b 
0.7 b 
0.3 
1.5 

15.8 



0.5" 

1.3 

3.3 

39.1 
0.4 b 
0.5 
0.3 
1.8 

15.6 



0.8" 
1.8" 
2.7 b 

36.9 
0.7 b 
0.7 b 
0.2 
1.7 

16.3 

0.5 b 

1.3 

3.0 

38.9 
0.4 b 
0.5 
0.3 
1.5 

16.2 



0.01 
0.12 
0.02 
0.81 
0.01 
0.03 
0.02 
0.01 
0.41 

0.01 
0.04 
0.03 
0.44 
0.01 
0.02 
0.01 
0.02 
0.72 



0.01 
0.05 
0.05 
0.12 
0.01 
0.05 
0.11 
0.16 
0.15 

0.05 
0.11 
0.11 
0.32 
0.01 
0.11 
0.16 
0.17 
0.14 



1 Values are mean for eight broilers (two birds from each pen). Means within rows with different letters differ significantly (p<0.05 or p<0.01). 

2 RSM = Rapeseed meal. 3 SEM = Standard error of the mean. 



rapeseed meal (3.5 percentage units) was most likely caused 
by the consumption of carbohydrate by aerobic bacteria. 
The CP and crude fat concentration increased slightly (2.5 
percentage units and 1.4 percentage units) and their 
increases were most likely a reflection of the decline in the 
DM content rather than an actual increase in content. The 
most significant effect of the solid-state fermentation was 
the dramatic reduction in the isothiocyanates content in the 
RSM which declined by about 83%. Vig and Walia (2001) 
reported that after fermentation there was a reduction of 
43.1% in glucosinolates. Chiang et al. (2010) showed that 
isothiocyanates were reduced dramatically from 119.6 to 
14.7 mmol/kg in a 30 d fermentation. Reduction of 
glucosinolates during fermentation may be due to utilization 
of glucose and the sulphur moieties of these compounds by 
microbial enzymes (Tripathi and Mishra, 2006). This 
explanation is supported by Verbiscar et al. (1981), who 
reported that after 21 d of Lactobacillus fermentation at 
26°C, 95% to 98% of glucosinolates were lowered. The 
content of critical AA (Lys, Met+Cys) increased by 1.14% 
and 0.43% after 30 d, respectively. The content of small 
peptides in fermented RSM was increased by 5.6% 
compared with RSM, which means the fermentation 
process improved the nutritional value of the RSM. 

Performance did not significantly differ among 0% 
fermented RSM, 5% fermented RSM and 10% fermented 
RSM group during all periods. But BWG and FC were 



significantly (p<0.01) poorer for birds fed 15% fermented 
RSM in all periods. Palander et al. (2004) showed intake of 
ileal digestible protein from the rapeseed-containing feeds 
used was lower than that from soybean feeds in growing 
turkeys, although protein content was calculated to be the 
same and no effect of feed processing method on ileal 
digestibility was observed. One of the problems associated 
with rapeseed meal has been a high fibre content leading to 
low digestibility and energy value (Chibowska et al., 2000). 
Our experimental results also showed that there was no 
significant difference in DFI among different treatment 
groups. Xu et al (2011) reported that DFI of ducks fed 
100% fermented RSM was greater (p<0.05) than those of 
ducks fed SBM, and partial fermented RSM and BWG 
increased gradually in the three treatment groups with 
augmenting fermented RSM over in the whole study period. 

Compared with those in the 0% fermented RSM and 5% 
fermented RSM groups, broilers fed 10% fermented RSM 
and 15% fermented RSM had lower levels of serum UN 
(p<0.01) in both trail stages and a higher content of serum 
total P and serum Ca concentration (p<0.05) in the starter 
phase. This may be associated with the increase of available 
P and Ca in fermented rapeseed meal. Such an explanation 
is supported by Ebune et al. (1995), Fadel and El-Batal 
(2000) and El-Batal and Abdel Karem (2001), who reported 
that several microorganisms produced phytase to reduce 
phytic acid content in rapeseed meal during solid state 
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Table 5. Efffects of fermented RSM on small intestinal morphology 1 



Items 



0% 

fermented RSM 2 



5% 

fermented RSM 



10% 
fermented RSM 



15% 
fermented RSM 



SEM 



p-value 



21 d 

Villus height (um) 

Duodenum 

Jejunum 

Ileum 
Crypt depth (urn) 

Duodenum 

Jejunum 

Ileum 

Villus height/crypt depth ratio 
Duodenum 
Jejunum 
Ileum 

42 d 

Villus height (um) 

Duodenum 

Jejunum 

Ileum 
Crypt depth (urn) 

Duodenum 

Jejunum 

Ileum 

Villus height/crypt depth ratio 
Duodenum 
Jejunum 
Ileum 



l,319 a 
946 a 
432 

183 
159 
141 



7.2 

5.9 a 

3.1 



l,455 a 
l,143 a 
550 

112 
129 
109 

13.0 
8.9 a 
5.0 



l,392 a 
l,001 a 
446 

198 
158 
156 



7.0 

6.3 a 

2.9 



l,523 a 
l,189 a 
536 

124 
128 
115 

12.3 
9.2 a 
4.7 



1,530" 
l,142 b 
485 



201 
156 
136 



7.6 

7.3 b 

3.6 



l,658 b 
l,365 b 
614 

138 
123 
108 

12.0 
11. l b 

5.7 



l,314 a 
940 a 
487 

196 
160 
142 

6.7 

5.8 a 

3.4 



l,452 a 
l,191 a 
604 

115 
122 
123 

12.6 
9.7 a 
4.9 



25.3 
22.2 
12.8 

2.3 
1.9 
1.7 

0.08 
0.09 
0.02 



22.1 
20.3 
12.7 

1.6 
1.5 
1.3 

0.56 
0.03 
0.12 



0.05 
0.05 
0.18 

0.13 
0.14 
0.14 

0.14 
0.01 
0.46 



0.05 
0.05 
0.41 

0.24 
0.28 
0.06 

0.65 
0.01 
0.13 



1 Values are mean for eight broilers (two birds from each pen). Means within rows with different letters differ significantly (p<0.05 or p<0.01). 

2 RSM = Rapeseed meal. 3 SEM = Standard error of the mean. 



fermentation. Chah et al. (1975) suggested broilers fed 
fermented feed utilized dietary nitrogen more efficiently 
than broilers fed unfermented feed. The decreased UN in 
serum in the current trial supports this viewpoint. 

The level of serum IgM and IgG may be associated with 
the increase of rapeseed peptide and bioactive peptides in 
fermented RSM. In our experiment, rapeseed peptides 
content was increased from 0.7% to 5.6% over the 30 d 
fermentation. Xue et al. (2009) isolated and obtained 
bioactive peptides from rapeseed meal, and found that the 
peptides might improve immune function. Wang et al. 
(2003) reported that adding 3 g small peptides/kg of basal 
diets fed to piglets increased the concentration of 
immunoglobulin. Feng et al. (2007) indicated that 
fermented SBM dramatically increased the IgM and IgA 
content in serum of braiders. Xu et al. (2011) also reported 
that concentrations of IgM and IgG were dramatically 
higher for animals fed with fermented RSM than those fed 
with SBM. It was reported that fermentation could degrade 
large-size protein to small-size peptides (Kiers et al., 2000). 
Data pertaining to small peptide resulting from fermented 



RSM are limited, so further work needs to be done. 

Our results showed that no significant differences were 
noted in serum T3 and T4 level among the different 
treatment groups (p>0.05). This may be related to a 
reduction of isothiocyanates. The fermented RSM used in 
this trial only contained 13.2 |imoles isothiocyanates per g 
DM. Palander et al. (2004) reported that the relative weight 
of thyroid glands for turkeys was significantly higher in the 
RSM group than in the SBM group. Karunajeewa et al. 
(1990) observed increased thyroid weight even at lower 
rapeseed content. Lardy and Kerley (1994) reported that 
there was a significant linear decrease in serum T4 level in 
response to an increasing level of rapeseed meal. So our 
experimental results showed fermented RSM did not affect 
the function of thyroid in broilers. 

In the present study, increased villus height in the 
duodenum and jejunum were observed in broilers 
supplemented with 10% fermented RSM. In addition, villus 
height to crypt depth ratio in the jejunum was significantly 
higher (p<0.01) for birds fed with 10% RSM. The villus 
height to crypt depth ratio is a very useful parameter to 
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estimate the absorption capacity of the small intestine 
(Montaqne and Faure, 1977). Chiang et al. (2010) reported 
that villus height to crypt depth ratio in the jejunum was 
significantly higher for birds fed with fermented rapeseed 
meal than for birds fed the control. Maximum digestion and 
absorption is believed to occur as the villus height to crypt 
depth ratio increases in weaned pigs (Pluske et al., 1996). 
Antigenic materials in diets are associated with villus 
atrophy and crypt hyperplasia (Miller et al., 1984). 

In conclusion, the results of the current study indicated 
that fermentation could improve the characteristics of RSM 
and that fermented RSM at not more than 10% of the diet 
did not decrease performance of chicks, increase the level 
of IgG, IgM and total P and Ca content and decreased the 
UN content in serum. Furthermore, intestinal morphology 
of broilers fed with 10% fermented RSM was improved. 
Therefore, it was concluded that the solid-state fermented 
RSM could be used to replace not more than 10% SBM in 
the diet for broilers. 
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